Breeding Station, Njoro in 1907. In 1963, the government started promoting potato production with varieties from Germany and a potato development programme was established in 1967. In 1980's several Dutch varieties were brought in for evaluation but the process was not completed because in mid-1980 to 1990's, the system was disrupted through land acquisition and change of use. The number of varieties in production is less than 15 and that mainly for the fresh market against evolving customer preferences for convenience foods.
There are approximately 800,000 potato growers in Kenya (Kaguongo et al. 2008 ) with an annual potato production of 2.06 metric tonnes, value at $ 9.9 million and $ 279 million annually at farm gate and at various retail market, respectively (Anon 2013) . The potato sub-sector also employs thousands as market agents, transporters, processors, vendors and exporters (Kaguongo et al. 2008) .
Potato is thus an immensely important food and cash crop for smallholder farmers in the highlands of Kenya (Gildemacher et al. 2007 ). Owing to an emerging market for potatoes as food for families with substantial disposable income, a number of fast food outlets like Kentucky Fried Chicken, Subway, Pizza Hut and Chicken Inn have established branches in Kenya, in addition to local eateries (Janssens et al. 2013 ).This new food industry requires a regular supply of quality potatoes of a suitable variety produced in specific ways.
However, inadequate availability of high quality seed of suitable varieties to meet these emerging market niches (French Fries and crisps) compounded by exorbitant seed prices greatly constrain bulk potato supply. The narrow range of varieties in commercial production and lack of planting material further hampers sustainable supply of potatoes to this hospitality industry. Thus the most limiting factor to growth of the potato subsector in Kenya is the short-fall in high quality seed.
Kenyan law prohibits importation of potato tubers. Further to this, all crops including potatoes are classified in Schedule II must undergo national performance trials (NPTs) and only those meeting set criteria are released for commercialization. However, in order to address the unavailability of suitable varieties to meet the opening market niches in the country, Kenya and The Netherlands entered into a bilateral agreement.
Bilateral agreement
Acknowledging the phytosanitary concerns and risks involved, Kenya and The Netherlands formed a team of experts in plant protection to evaluate the new challenge (Onsando and Rikken 2012 
Goal
The goal of the agreement is to increase and diversify availability of the potato varieties to meet the dynamic market demand and food security against a surging population and changing climatic conditions Specific objectives were: 1. Evaluate Dutch potato varieties for commercialization in Kenya, 2. To increase the number of suitable potato varieties for the emerging market niches and 3. To increase tuber yields per unit area through improved technologies
Materials and methods
All the varieties were from The Netherlands and Kenya and tests were held at seven locations (Conventional NPT) in 2013 and subsequent varieties were tested in the same seven and three more locations (Intensive NPT) in the main potato growing counties of Kiambu, Meru, Nyandarua, Nakuru, Narok Uasin Gishu and Elgeyo Marakwet Each variety was tested starting with planting during the long rains in April-July (season 1 (S1)) and also during the short rains in late September-December (season 2 (S2)).
The candidate varieties and standard checks (varieties already released and popular among the farmers) were randomized and planted in four rows of eleven tubers of each variety at 75cm inter-row and 25 cm intra-row spacing in a Randomized Complete Block Design, replicated three times at seven sites for conventional NPT and at three sites for intensive NPT. Fertilizer was applied at planting at a rate of 75kg N and 75kg P 2 0 5 per ha. Locally recommended agronomic practices were applied. The testing was conducted twice at the same locations during successive long and short rains. After completion of tests for one variety, new ones were entered and followed the same procedure. Some breeders submitted a variety more than twice if there was reason to believe there was something wrong e.g. degree of dormancy. The parameters recorded were: days to plant emergence, number of plants per plot, incidence (count) and severity of diseases (scale of 1-9 where 1 is nil and 9 is severe), number of marketable and non-marketable tubers per plot and the total tuber yield per plot Data collected were analyzed using SAS 9.3 and the results were compiled for discussion internally and later at National Performance Variety Committee (NPTC). The mean of the two seasons of each candidate variety was compared with the mean for the standard checks for the same period and a decision was made on whether the variety should be released or not.
Release Criteria
The varieties could be released if either of the following criteria were satisfied: 1. Varieties yielded statistically (P = 0.05) better than the mean yield of the checks in combined two season analysis. 2. Varieties yielded statistically (P = 0.05) similar to mean yield of checks in combined two season analysis but there was at least a 5% numerical yield advantage over mean of checks in combined two-season analysis and any declared and confirmed special attributes 4 Results and discussions
Number tested and released varieties in last 5 years (2011 -2015)
In the last five years, 52 varieties have been tested in the conventional NPT and 62 in the intensive NPT, respectively. In 2012, a high number of candidate varieties were submitted for the test in S1 than in other years. Only one variety was released after S2 tests the same year mainly due to late blight pressure which devastated most Dutch candidate varieties and this was further aggravated by the season being too short for adequate sprouting of tubers. Ten varieties not tested in S2 of 2012, were resubmitted in S1 2013together with the new varieties and eventually led to 7 varieties being released. Because of the agronomic practices given to conventional NPT intensive NPT was added to S2 of 2012. In the period under review, there were more S1 candidates compared to S2. The highest numbers of varieties released were from the S1 trial in 2015 due to continuous submission of those which had completed two seasons (Figure 1) . In total over 100 varieties have been tested in the period of which over 30 % have been released (Figure 1 ). 
Mean yield of candidate varieties released under conventional NPT
The mean tuber yield of all the standard checks and candidate varieties tended to increase in all the seasons other than S2 of 2014. The mean yield of released candidate varieties was higher than for the checks ( Figure  2 ). The highest yields were achieved in S1 of 2013 and 2015 while the lowest was recorded in S2 of 2014. The prevailing weather conditions caused these variations and in 2014 it was drier compared to other years. The lower yields experienced in S2 were associated with dormancy and late blight. During the long dry spell of December-March, spores from a late blight infection caused by Phytopthora infestans would be reduced due to desiccation, hence the potatoes grown immediately following such prolonged dry conditions, escape the high probability of late blight. However, in the S2 the Phytopthora infestans population is above threshold levels. The apical dominance characteristic of the Dutch varieties persisted leading to single stemmed plants and, when combined with the high level of late blight inoculum, this greatly lowers tuber yields.
Effect of testing seasons on the tuber yields of variety in conventional NPT
In each two sequential seasons of test, the mean yield of released candidates was higher than those of the checks in all the seasons. When mean of checks and released candidate varieties were compared in the period since 2013, there was 8% improved tuber yield ( Table 1) . The released varieties passed the set criteria for release by attaining higher than the 5% yields above the checks. 
Mean yield of candidate varieties released under intensive NPT
Because of the challenges faced mainly by the Dutch varieties raised under conventional NPT, intensive NPT was introduced where the level of management was optimal. Although S1 of 2012 had the lowest tuber yield for the released candidates when compared to the mean of checks, the mean of those candidate varieties not qualifying for release was higher. Failure to release in this case was that whereas, the breeders knew the variety was most suited were for processing to crisps, they did not declare this during filing the applications, hence the variety was tested as a table variety. The mean yields of table varieties, of which 3 were checks, are higher than those for processing. In S2 of 2013, the data were separated by table and processing variety and appropriate checks were used. The highest mean tuber yield (over 65 t/ha) was recorded in 2013. From 2013 to S1 of 2015, the mean tuber yield of candidate varieties has been above 32 t/ha. The mean of the checks increased from 32 t/ha to 52 t/ha in the same period due to improved level of management (Figure 3 ).
Effect of changes in production technologies
When tuber yields from conventional and intensive NPT were compared other than S2 of 2012 and S1 of 2015, there has been positive gain in tuber yield. In S1 of 2013, there was 8 % yield gain and thereafter the gain has only been about 1% until S2 of 2014 when it rose to 17%. For the intensive NPT, there was steady gain from 24% in S1 of 2103 to 34% in S1 of 2014. Both the checks and the candidate varieties performed better in intensive NPT than in the conventional NPT implying that the low yield registered in the conventional NPT is largely contributed by factors other than variety. Where there was a surge in yield gain later can be attributed to one variety that had been released was subsequently included as a check in S2 of 2014 (Figure 4 ).
Influence of testing methods on the potato varieties
The mean tuber yield of checks from conventional trials increased from16 to over 21 t/ha in the period under review compared with increases from15 t/ha to 52 t/ha in intensive trials. There were consistent yield gains over the period from 130% in S1 to 191% in S2 of 2013. However, the gain in S2 of 2104, was the lowest ( Figure 5 ) implying that when good agricultural practices were employed, the local varieties performed as well as the Dutch introductions.
Challenges and opportunities
Released varieties have increased the number of varieties available for the various emerging market niches although there are still hurdles to be overcome since to achieve target yields, introduced varieties require a high level of management. The local market is undeveloped and good storage facilities are few and inadequate. Farmers too, are not aware of these new varieties, their availability, price and specific attributes. Price of imported certified seed is prohibitive for direct sale to the local farmers. There is also a lack of available crop and seed storage facilities. There is also a lack knowledgeable stockist with expertise in seed potato handling. Despite these problems there is huge market demand for certified seed potato of these newly released varieties, which offers great opportunities to those suppliers ready to invest. Some seed companies have invested heavily in cold seed-potato stores with capacities ranging from 200 -500 tons. These are located strategically in key potato growing areas such as in Nakuru, Mau Narok, Nyandarua and Meru. This will ensure that seed is readily accessible to smallholder farmers. In addition, there is investment in potato machinery provided by a number of Dutch companies in partnership with county governments.
In order to lower the price of seed, the companies import quality seed to grow on in designated areas to increase seed volume and hence lower the unit price. They also hold demonstrations to create awareness and promote the varieties as well as improved handling technologies. Partnerships are now emerging between seed multipliers, crop protection companies, farmer groups and processors. To reach a wider audience, new Dutch and local varieties are annually exhibited at the University of Eldoret Agribusiness Trade Fair, which attracts farmers from all over the country. Other technologies such as storage solutions and machinery demonstrations also take place. There are also business match-making forums between seed companies, storage companies, farm and processing machinery companies, farmers and chemical companies.
Conclusions
There have been several gains arising out of the Bilateral Agreement: 1. In a record time of 5 years over 33 new varieties have been released from the Netherlands with a further 3 from Kenya. 2. The introduction of intensive NPT to test candidate varieties in addition to conventional procedures has enabled release of many varieties 3. It is possible to raise the productivity of local varieties from the current 7.7 t/ha to over 30 t/ha by improving agronomic practices.
